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Tasie 1.—Solar radiation intensities during August, 1916—Continued.
{Gram-calories per minute per square centimeter of normal surface.}
Santa Fe, N, Mex.
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TABLE 3.—Daily totals and departures of solar and sky radiation during
August, 1916.

[Gram-calorles per square centimeter of hori:ontal surface.]
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Table 3 shows a deficiency of radiation at Washing-
ton during the first half of August, which was more than
made up by the excess during the second half. At
Madison there was an excess of radiation for the month
amounting to 7.8 per cent of the average August total.
At Lincoln there was a deficiency of radiation during
the second decade, but the departures from the norma
were slight during the first and third decades.

HIGH HAZE OVER THE SOUTHWESTERN UNITED STATES
DURING JULY TO SEPTEMBER, 1916.

By Herert H. KiMBaLL, Professor of Meteorology.
[Dated Weather Rureau, Washington, Oct. 2, 1916.]

The following is extracted from a communication by
Mr. Ford A. Carpenter, in charge of the Weather Bureau
office at Los Angeles, Cal., under date of September 7,
1916:

During the month of July, and esperially during the latter part, red
sunsets were common; but during the first decade of August both sun-
rises and sunsets were unusually brilliant. A note in the Daily Local
Record describes a typical sunset as follows:

“August 4, 1916. Cloudy sunset. The sun set behind cirro-stratus
clouds, which formed a low bank on the western horizon. As the sun
set the western sky became lit with a yellow glow, which changed to
orange, and finally to red.”

A description is also given of brilliant sunrise and sunset
colors that were observed from the top of Mount Wilson,
Cal., on September 3 and 4, 1916, and Mr. C. G. Abbot
of the Astrophysical Observatory of the Smithsonian
Institution, who was then on Mount Wilson, is quoted
as saying—

The presence of dust, probably volcanic, and which was responsible

for the vivid colors of sunrise and sunset, greatly interfered with solar
radiation work.
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Mr. Carpenter further states that between July 28 and
August 4, 1916, while on Mount Rainier, Wash., he ob-
served each of the eight sunrises and sunsets, and there
was a total absence of other than the usual twilight
colors. He therefore infers that the dust cloud did not
extend to this high latitude (47° N.).

In a letter of September 20 he forwards a note from
Prof. A. E. Douglass, University of Arizona, relative to
radiating shadows observed at that place on the under-
side of the dust layer. It appears that these shadows are
first seen 16 minutes after sunset, and continue about
10 minutes, and were best observed on September 14 and
15. Prof. Douglass identifies them as shadows from

mountain peaks or clouds in the range running south
from San Diego, and about 300 miles from Tuscon in an
air line. From the angular height of the shadows he

computes the dust layer to be from 12 to 15 miles above
the surface.

It does not seem possible to connect this dust or haze
with the haze that produced the brilliant twilight colors
that were generally observed in the vicinity of Wash-
ington, D. C., at the end of July, and also at Lincoln,
Nebr., at about the same time.! The pyrheliometrie ob-
servations obtained at Santa Fe, New Mex., Lincoln,
Nebr., Madison, Wis., and Washington, D. C., and sum-
marized on another page, give no Indications of unusual
haze during August. U’p to the date of writing this note
the Weather Bureau has been unable to learn of a recent
volcanic eruption of sufficient violenca to cause a haazi-
ness of the upper atmosphere of the character observed.
We shall be glad to receive further information relative
to this interesting phenomenon.

The following is the substance of an additional note
from Mr. Carpenter, under date of October 7, 1916:

It is reported from the Lick Observatorv, Mount Hamilton, Cal.,
that red sunsets have been ohserved since the first week in August.
On many nights in August and September the sky was rather thick,
and the Milky Way did not stand out as prominently as usual. Thisand
the red sunsets have been interpreted by the observatory to mean that
the atmosphere has contained an abnormal amount of finel v divided dust.

Red t ilight glo.-s have also been reported from San Bernardino
and San Diego, Cal., and Phoenix, Atiz. At Tucson, Arir., no red
sunsets have been observed since the middle of September. but here
at Los Angeles, in spite of unusually heavy rains during the first few
davs of October, they do not appear to have decreased in frequency.
Whenever the mornings and evenings have been clear the sky has
been sufiused with a red glow.

In Switzerland.—Added significance is given the above
observations by the following note quoted from the
British Meteorological Office circular.’

Dr. Maurer, dircctor of the Swiss Metcorological In-
stitute, writes from Zurich that since the middle of July
the atmosphere in the high Alps has shown noteworthy
optical deterioration, indicated by the extension of the
aureole round the sun, to as much as 140° in diameter at
the end of August, and by a true brown Bishop’s ring,
visible on August 3 and 4. The cause of the deteriora-
tion is still in doubt. Corresponding phenomena in
1883—4, 1902-3, and 1912 were attributed to violent
volcanic eruptions, but no reports of volcanic eruptions
have come to hand this year. Whether or not the
cumulative effect of gunfire in the course of two years is
equivalent to that of a volcanic eruption there are no
figures to show.

1 See MONTALY WEATHER REVIEW, July, 1916, 44:382. After the publicatim of the
Juy REVIEW several correspondents in Virginia also reported brilliant sunsets at the
end of July.—H. H, K.

2 Great Britain, Meleorological Office. Meteorological Office circular No. 4 [London]),
Bept. 21,1916, p. 4.
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ATMOSPHERIC REFRACTION AT MOUNT HAMILTON, CAL!

Aside from conditions which actually conceal objects
or make the images so unsteady that accurate observa-
tion is impossible, the atmosphere is of importance to
astronomy and geodesy because of its refractive power.
Professor Simon Newcomb ? writes as follows concerning
atmospheric refraction:

The refraction of a ray of light by the atmosphere as it passes from s
heavenly body to an observer on the earth’s surface, is called **astro-
nomical [refraction].” A knowledge of its amount is a necessary datum
in the exact determination of the direction of the body. In itsinvesti-
gation the fundamental hypothesis is that the strata of the air are in
equilibrium, which implies that the surfaces of equal density are
horisontal. But this condition is being continually disturbed by
aerial currents, which produce continual slight Huctuations in the
actual refraction. and commonly give to the image of a star a tremulous
motion. Ixcept for this slight motion the refraction is always in the
vertical direction; that is, the actual zenith distance of the star is
always greater than its apparent distance. The refracting power of the
air is nearly proportional to its density, Consequently the amount of
the refraction varies with the temperature and barometric pressure,
being greater the higher the barometer and the lower the temperature,

At moderate zenith distances, the amount of the refraction varies
nearly as the tangent of the zenith distance. Under ordinary condi-
tions of pressure and temperature it i3, near the zenith, about one
second [of arc] for each degree of zenith distance. As the tangent
increases at a greater rate than the angle, the increase of the refraction
soon exceeds one second for each degree. At 45° from the zenith the
tangent is 1 and the mean refraction is about 58 seconds. As the
horizon is approached the tangent increases more and more rapidly,
becoming in.inite at the horizon; but the refraction now increases at a
less rate, and, when the observed ray is horizontal, or when the object
appears on the horizon, the refraction is about 34 minut:s, or a little
greater than the diameter of the sun or moon. It follows that when
either of these objects is seen on the horizon their actual direction is
entirely below it.  One result is that the lenz.h of th2 day is inc.eas d
by refraction to the extent of about five minut:s in low latitudes, a1d
still more in higher latitudes, At 60° the increase is about nine
minutes,

The atmosphere, like every other transparent substance, refracts the
blue rays of the spactrum more than the red; consequently, wh n tke
image of a star near the horizon is observed with a telescope, it presen s
somawhat the appearance of a spectrum. The edge which is really
highest, but. seems lowest in the telescnpe, is blue, and the opposite
one red. When the atmosphere is steady this atmospheric spectrum is
very marked and renders an exact observation of the star ditficult.

Again writing of the difficulties connected with this
study, he says:3

There is perhaps no branch of practical astronomy on which so much
has been written ason . . . [refraction] and which is still in so unsatis-
factory a state. The difficulties connected with it are both theoretical
and practical. The theoretical difficulties . . . arise from_the un-
certainty and variahility of the law of diminution of the density of the
atmosphere with height and also from the mathematical ditficulty of
integratine the equations of the refraction for altitudes near the horizon
after the best law of diminution has beeu adopted.

In spite of the difficulties, however, all accurate
position work demands that the observed positions of
stars be corrected for atmospheric refraction. This
necessity has led to the construction of ‘‘refraction tables”
from which a correction for atmospheric refraction can

1 Comstock, G. C. Reduction tahles for the Lick Observatory 11I, TV, and V (1883)
TTniv. Cal. publ. Lick observ., 1:221-25R (Sa rramento, Supt. State I'rinting, 1887),

Tucker, It. H. Therelra -tion, in Meridian circle ohiservations made at the Lick Ohser-
;al_:o;y lS'.ll%-.}QOL univ. Cal. publ. Lick observ., 6:150-135. (Sa-ramento, Supt, State

rinting, i.)

Tucker, R. H, Therefra-tion, in Meridian circle ohservations marde at the Lic- Observa-
tory 1901-1906, Univ. Cal. publ, Lick ohserv., 10:14~17. (Sacramento Supt. State
Printing, 1907.) .

Crawford, R. T. On astronomical refraction. T niv, Cal. publ, Liek observ., 7 {1902~
1911]: (part 6) 159-216, [1909]. (Sa-ramento, Supt. State Irinting, 1913.)

Tucker, R. H. Diurnal variation in the refra tion at Mt. Hamilton.  niv. Cal. publ,
astron,, Berrelev, 191%, 7:130-149. (! ick Oi:serv, bul, 231,)

Tucker, B. H. The diurnal variation of the relra-tion. Astron. sor. Pacific publ,
San Francisco, 1918, 28:60-73,

Recent o"servations on the diurnal change in the refraction at Lick observatory.
1bid., 28:199-200.
t Nlewcomb], §. Astronomical refraction. Encyec. Britannica, ed. 11, New York, 1911.

3 Newcomb, S. A compendium of spherical astronomy. New York, 1906, p. 223.
1n this connevtion, espezially [or the 1’a ific coast mountains of the J nited States,
see Schott, C. A. *Hourly values of the coetfi-ient of refra tion,”” in The transcon-
tinental triangulation and the American arc of the parallel, Washington, 1904, p.
254-256. (7. B. Coast and Geodetic Survey, Special publ. No. 4.)



